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THE SHOCK-ABSORBING- SYSTEM OF THE AIRPLANE LANSING- GEAR* 

By Pietro Callerio 

A discuPBion is given of the behavior of the shock- 
absorbing system, consisting of elastic struts and tires, 
under landing, take-off, and taxying conditions, and a 
general formula derived for obtaining the minimum stroke 
required to satisfy the conditions imposed on the landing 
gear. Finally, the operation of some typical shock- 
absorbing system is examined and the necessity brought out 
for taking into account, in dynamic landing-gear tests, 
the effect of the ring lift at the instant of contact with 
the ground. 



1. In numerous examples of airplane landing gear, the 
gear consists of a rigid structure to which is attached a 
deformable member to which in turn is attached the wheel, 
clearly indicating the modern practice of having the en- 
tire shock-absorbing system within the landing gear. The 
importance of such a system is evident; It is only nec- 
essary to consider the constantly increasing landing 
speeds, a consequence of the high wing loads assumed by 
modern airplanes, and the Hteep flight-path inclinations 
permitted by present high-lift devices (reference l). 
The tendency toward glide landings without leveling off 
near the ground - a tendency whose principal reason is 
found in the greater difficulty which is experienced in 
leveling off on landing with high-lift devices and which 
assumes particular importance for aircraft designed for 
blind flying - brings into prominence again the problem 
of the determination of the shock-absorber characteris- 
tics. It is sufficient to consider the fact that an air- 
plane which lands at a speed of 120 kilometers per hour 
with a flight-path inclination of 1:9, if not properly 
leveled off by the pilot before the wheels touch ground, 
develops the same stresses ps if it fell from a height of 
70 centimeters. 



2. The principal purpose of a shock-absorbing Bystem 
is that, by means of the considerable deformation of the 
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elastic member embodied in the structure, to permit the 
Tertioal velocity of the airplane to he reduced gradually 
to zero on landing, in such a manner that the forces pro- 
duced on the structures should not exceed the stress val- 
ues designed for those structures. After the velocity has 
been reduced to zero, if the shock-absorbing system con- 
sisted of a perfectly elastic member the stored-up energy 
would be restored more or less suddenly giving rise to a 
rebound which, if not controlled, might be not -only dis- 
agreeable but even dangerous. In order to avoid this dif- 
ficulty, the shock-absorbing system should be capable of 
dissipating, with the aid of suitable arrangements, a 
large part of the energy possessed by the aircraft in land- 
ing and of damping the return motion due to the stored-up 
potential energy of deformation of the system - permitting, 
however, the shock absorber to assume its initial position 
sufficiently rapidly that it may be ready to operate in 
case of an immediately subsequent shock. In addition to 
this most important and essential function of the shock- 
absorbing aystem, it is necessary to consider its opera- 
tion during tazying and take-off. When the airplane taz- 
ies at low speed the shock absorber should simply permit the 
wheels to follow the " irregulariti es of the ground and to 
damp the shocks produced by them. Since, on the other, 
hand, these shocks are not generally of a character 'to give 
rise to dangerous stresses on the structure, too great a 
travel would be not only useless but unfavorable because it 
would hinder the maneuverability during tazying; The en- 
ergy .dissipation provided by the tires may be assumed suf- 
ficient in this case, particularly if they are of the low- 
pressure type. 

When the airplane runs on the ground to take off, 
after a first interval during which it is under conditions 
similar to those of tazying,' a certain ve-locity 1b reached, 
beyond which aerodynamic forces on the wings come increas- 
ingly into play. The load on the wheels gradually de- 1 
creases until finally, having attained the velocity of 
take-off, the load decreases to zero. Even though the 
shock absorber (because of its mechanical nature or char- 
acteristics) cannot be successfully designed to accommo- 
date both high and low vertical velocities . and is there- 
fore designed to accommodate the high vertical velocities, 
the low ones being chiefly damped by the aerodynamic forces; 
nevertheless, it is necessary that there be a certain amount 
of travel of the shock absorber between the position that 
corresponds to static load and the position of aero load 
in order that the wheels follow the profile of the. ground. 
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thus preventing the reaction on the wheels from being sub- 
jected -to abrupt variations in intensity. 

Too small a shock . absorber ' travel (between static and 
aero load positions) would in puch a case lead to the phe- 
nomenon schematically illustrated in figure 1. While in 
position A the weight is supported by the elastic reac- 
tion on the shook absorber, at position B - due to the 
unevenness of the ground - there would be a further defor- 
mation of the shock-absorber elastic system. The mass m, 
which tends to remain in its position, is thrust upward as 
a result of the compression of the spring and, if the shock 
absorber does not permit a sufficient distention, the wheel 
at a certain point may lose contact with the ground, with 
a consequent succeeding shock. 

Prom what has been said above, it is seen therefore 
that the shock absorber should possess the following re- 
quirements i 

1) It should permit landing with a sufficiently 
large (landing gear) travel. 

?) It should dissipate a large cart of the energy 
possessed by the airplane flue to the vertical velocity, 

and d»ir.p the return travel due to the energy pbsorbed elas- 
tics lly . 

*) It should -oermit a limited tmvel above and be- 
low the position of static load during taxying at low and 
high velocity. 

3. Although the above considerations refer particu- 
larly to the landing gear (so called), they apply to a 
11 shock-absorbing system" in general - which term was meant 
to include also the part referring to the tail wheel. 
Since the behavior of both (units) is entirely similar, 
however, we may limit our considerations to the shock- 
absorbing, system of the landing gear (main wheels), in which 
the greatest stresses occur and which, in a particularly 
important case - namely, that of a two-wheel landing - 
takes all the load. 

Let us therefore consider this landing condition and 
assume that outside of the shock-absorbing system, the 
other parts of the airplane have no elasticity. This as- 
sumption is equivalent to the statement that all the points 
of the airplane undergo the same acceleration in landing. 
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Actually, with increasing distance away from the landing 
gear, the acceleration gradually decreases due- to the work 
of deformation of the interposed atructurea, "but thia de~ 
creaae is absolutely negligible. According to some Amer- 
ican investigations , the elastic work of deformation may 
be considered to vary from 0.0115 to 0.0230 kg m for each 
kilogram of the structure, and thia corresponds to a suf- 
ficiently email percent of the energy to he absorbed that 
it ia not- worth while to coneider it. 

4. From the theoretical point of view the damping 
ayatem ia studied, in general, by neglecting the elastic- 
ity of the wheel (fig. 2), assuming all the mass m con- 
centrated' at the center of gravity and poaaeasing the ver- 
tical velocity 7 0 and apparont weight aP*; assuming-, 
moreover, that the reaction of the shook absorber is given 
by" the simple expression 

B = cs + Zv (l) 

where cs is the elastic reaction, and Kv is a dissi- 
pative term proportional to th-o velocity. 

From the above assumptions there can easily be de- 
rived the equation of motion, considering the equilibrium 
between the applied forces and the forces of inertia. 
This study, however, would not present any ^reat practical 
interest because the conclusions arrived at by this math- 
ematical treatment are considerably modified because of 
the fact that the dissipative term is taken proportional 
to the velocity instead of the square of the velocity as 
it normally actually is, and because other elements are 
neglected (friction, viscosity of the damping liquid, etc.), 
and particularly, because the shook absorber operates 
Jointly with the tires. 

It may merely be pointed out that, according to wheth- 
er the damping is large or small, there is obtained an ape- 
riodic motion or an oscillatory damped motion, and that in 
the case in which the coefficient a is equal to zero, 
the motion 1b the same as that of a horizontally oscillat- 
ing mass whose damping is proportional ' to the volocity. 
In the case of strong damping there are obtained curves of 
the type of. those of figure 3, which show qualitatively 



*The apparent weight aP is the difference between the 
weight P = mg and the lift (a= 1 for low velocity, 
zero aerodynamic forces; a = 0 at the velocity of take- 
off). 
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the variation of the force S- as a function of the dis- 
placement and,\the £ime.. 

5k The problem "becomes considerably more complicated 
if the shock absorber is considered as consisting bf two 
distinct elastio systems operating simultaneously - an as- 
sumption which corresponds to the actual conditions since 
the wheel tires must be considered in addition to the 
shock absorber. In thiB case, illustrated by the sketch 
of figure 4, calling Ej the reaction of the wheel, and 
E a the corresponding force on the shock absorber, we have: 

Ra — a 

where a is a coefficient which depends on the • geometric 
characteristics of the landing gear under consideration. 
The value of a may be constant or .variable for the dif- 
ferent positions assumed by the landing-gear struts during 
deformation. In thiB case, since the variations are al- 
ways rather small, a mean constant value may be assumed 
for a. Making, in addition, the simplifying assumptions: 

Ex = C ! S x 

Rg = c a s a + Ev a 

the mathematical treatment leads to differential equations 
(reference 2) which are much more complicated than those 
obtained for the case of the shock absorber alone, re- 
ferred to above. These equations, on account of false as- 
sumptions made in deriving them, cannot correspond to the 
actual conditions.' 

On, account of the uncertainties of the mathematical 
procedure, we Bhall leave the theory aside and consider 
instead the practical problem that presents itself to the 
designer, namely, what displacement is necessary in order 
that the stresses on the structure should not exceed safe 
values. The regulations prevailing in various countries 
prescribe in general that the shock-absorbing system should 
be oapable of absorbing the kinetic energy due to a cer- 
tain vertical landing velocity V D , or that due to a drop 
of the airplane from a certain height without any forces 
arising on the structure that exceed n times the weight. 
Although, instead of the velocity V Q , the corresponding 
drop height H = V 0 a /2g may be used interchangeably, we 
shall refer to the drop velocity 7 0 . 
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We may observe here that the initially prescribed 
load factor n permits the computation of the structure 
on the "basis of a simple study of the landing gear as a 
whole "before any special' study of the shock absorber is 
carried out, which may "be done subsequently . It is nec- 
essary, however, even- for a preliminary study, to know 
the stroke of the shock absorber in order to' define the 
extreme positions assumed by the wheels and by the land- 
ing-gear struts in take-off and in landing. These posi- 
tions must be considered both for strength calculations 
and for the determination of the minimum distance of the 
propeller blades from the ground during tazying - whioh 
distance must not be below a certain value. 

The advantage of reducing the travel of the shock 
absorber to a minimum is evident not only for weight econ- 
omy but also in certain types of landing gear for prevent- 
ing the wheels from assuming too great a deviation between 
the positions of maximum and zero deformations* 

Having, by some method, chosen a value of the coeffi- 
cient n that should not disagree with that prescribed 
by the regulations, it is necessary that the travel be de- 
termined so as to guarantee that under the most unfavor- 
able landing conditions, this value is not exceeded. 

Let us now consider the airplane in landing. We as- 
sume that we have already carried out the preliminary in- 
vestigation of the landing gear sketched in figure 5: 
Making use of the previously given notation, we indicate 
by E x the force on the wheel, by Ha that on the shock 
absorber, and by <xP the apparent weight of the airplane 
at the instant of landing, which weight may be considered 
constant for the brief period of the landing shock.. The 
following relations may be written: H a = a R 1 (force on 
the shock absorber is a times that on the wheel) 
d s s 

M — g- - H x + .oP = 0 (equilibrium between applied forces 
dt 

and force of inertia); from these we have: 

* a dt 

Considering a time dt in which the center of gravi- 
ty is lowered by ds while the tire is deformed by ds x 
and the shock absorber by ds fi , we have* 
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H x daj. + E a ds a ■ - M 4? 4a + a P da 



and since de = t dt: 




After the time t required for the vertical velocity 
to "be reduced to zero (the center of gravity will "be low- 
ered by the amount e = h, the tire deformed by S x , and 
the Bhock absorber by S a ) , we have: 



a relation which states that the shock absorber should ab- 
sorb an amount of energy corresponding to the sum of the 
kinetic energies possessed by the airplane due to the ver- 
tical component of the velocity and the potential energy 
due to the displacement h of the center of gravity of 
the airplane after contact with the ground. 

We assume now that we know the curves R x = f(s x ) and 
R 2 = <p(a 2 ) obtained simultaneously (fig. o). In order 
that the forces on the structure should not exceed n 
times the weight, the maximum value of Hi should be equal 
to nP, and hence the maximum of R a should be a n P. 
Denoting by K x and K a the ratios 




+ a P h 



(1) 



S x n P 



/ Rg ds a 
a S a n P 



relation (l) becomes: 




+ a P h 



(la) 



from which, dividing by P and remembering that the total 
displacement h of the center of gravity is 



h = 



Si + a S a 
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there is obtained 



V 8 

n K x S x + a n K a S a = + a h 



Hence, knowing' the deformation S x of the tire at the co- 
efficient n, the shock absorber travel is given by 

7 a 

—2— - Si (n Ei - a) 

S a = -± j—= < ■ (2) 

a a (n E a - a) 

If, instead of the velocity 7 Q , the corresponding 
drop heisht is considered, H = V Q s /2q, there is obtained 

Sa = H - 5], (n g,_- oQ (2a) 
a (n K a - a) 

This relation, in the case in which the shock absorber 
alone is considered to operate, may be written: 

3 a = h 1 (2b) 

a n E a - a 

which is the formula uflur.lly given for the shock-absorber 
travel p„nd is seen to be independent of the weight of the 
airplane . 

7. Let us consider what are the possible values that 
may be assumed by the coefficients E x and E a of for- 
mula (?). As. regards the tire, although there are not 
many data on which to base a judgment, it may be assumed 
on the basis of recent tests (reference 3) that the defor- 
mations and the loads are connected by a relation of the 
type 

H x = A w* l (m > 1) (3) 

If, instead of static loads, dynamic loads are considered - 
which, for example, are obtained by measuring the forces 
due to the accelerations determined from the drop of mass- 
es resting on the tire - similar diagrams are obtained, 
except for greater curvature, in the sense that the tire 
behaves for low dynamic loads as if it were less rigid, 
and for the other dynamic loads as if it were more rigid 
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than If static loads were applied! The relation (3) is 
still -valid,, hut the exponent m increases to an appreci- 
able extent. -■-■-_< - 

Pigure 7" ohtained with a low-pressure tire 8.50 x 
10 (640 x 205) for two different tire pressures, shows 
clearly - in addition to what we have said - that the di- 
vergence between static and dynamic loads is more marked 
the less the inflation pressure of the tire. 

On examining some tire depression curves ohtained 
with dynamic loads., it is found that the value of K x for 
the usual pressures and deformations permitted in practice, 
fluctuates between 0.32 and 0.35 for .low- and medium- 
pressure tires, and between 0.40 and 0.43 for high-pressure 
tires. In any case, since the dynamic behavior is marked- 
ly different from the static "behavior , it is necessary to 
carry out a systematic series of dynamic compression tests 
on tires of uniform size, so that it may be possible to 
deduce, with sufficient approximation, the values of the 
exponent m, and hence, of the coefficients Kj, required 

for the determination of the energy effectively absorbed 
by the tires. 

Aa regards the coefficient X a , it naturally varies 
greatly from one type to another. While it has a value 
approximately equal to 0.5 in the case in which the Bhock 
absorber consists simply of a spring without initial ten- 
sion (a very rare case, of course), it has a value between 
0.80 ind 0.85 for the oleopneumati c and oleoelastic types 
that have received much study. Theoretically, a value of 
K a might.be obtained equal to 1, but on account of the 
large number of not easily determinable factors that enter 
into the phenomenon (drop height, velocity of deformation, 
viscosity of the liquid, etc.), it is best not to assume 
for the shock absorber - at least, for the preliminary 
study - a value exceeding 0.85; We may observe that while 
it is wise to assume rather low values for the coefficients 
K x and K a , it is of no advantage if they be too con- 
servative. In the case in which the shock-absorber stroke 
has been computed on the basis of too low. values of K x 
and E a , the work that the deformable system can perform 
is greater than the work necessary to reduce the' vertical 
velocity to zero, and therefore either the shock absorber 
does not reach the end of its stroke or, having reached 
it, determines forces on the structure that are less than 
those for which they have been designed. In either case, 
the utilisation of the shock absorber 1b not logically the 
best.' 
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Naturally, the opposite occurs and with consequences 
that may "be- very serious if the values of K are chosen 
too high (i.e., if travel is insufficient). . In this case, 
even in landings that do not correspond to the maximum 
velocity assumed for the computation, stresses may "be pro- 
duced greater than any provided for, and these may cause 
failure of some part of the landing gear or fuselage. 

The appreciable difference "between the energy-ab sorp- 
tion characteristics of the tire and shock absorber shows 
that for equal total travel h of the center of gravity, 
the amount of energy absorbed is greater, the greater the 
shock-absorber travel in comparison with that of the tire. 

8. In this connection, the fact should be brought out 
that, according to the regulations at present in force, it 
would not be possible to assign the shock-absorbing func- 
tion to the tires alone, even when restricted to the low- 
pressure type, without introducing inadmissible landing 
loads . 

In the case of the tires alone, equation (la) becomes 

p y a 

K, S, n P = °— + a P S 

11 g 2 

and dividing by P, substituting for V 0 s /2g, the corre- 
sponding height H, and remembering that for the drop 
test a = 1 : 

n Z S = H + S 
H 



S = 



■n E - 1 



Even assuming that tires are available that can de- 
flect by an amount Sj. = 0.75 H* , by taking for K x a 

value of 0.35, there is obtained 



0.75 H = 



H 



n x 0.35 - 1 



from which n = 6.7! Aside from the prescribed regulations, 
moreover, it is not logical to expect good results from a 
shock absorber that has such a low work characteristic and 
which therefore can be employed only for very low vertical 
velo cities . . 

*The minimum value for H, permitted by the E.I..N.A., is 
30 centimeters. 
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9. Let us consider a typical example of shook ab- 
sorber, consisting, of., a spring without initial tension 
which, on compressing, forces the 'oil "contained in- the 
chamber A to flow through a constant orifice, and let us 
neglect for the moment, consideration of the tire (fig. 6). 
Relation (l) in this case may be written: 

"-la! + aPh = j Ed.s 

where H, neglecting the friction, may be expressed by 
the relation 

E = c x b + |i V 0 8 

In the above formula the first term represents the 
work performed by the spring of elastic constant c x , the 

second is the di ssipati ve term, \l being the resistance 
coefficient of the liquid flow through the orifice. We 
assume that E may be considered constant during the en- 
tire stroke h and equal to the maximum allowable value 
a n P. Since the force is constant, the acceleration is 
also constant, so that the velocity varies linearly from 
T 0 to zero. We thus have the relations: 

v = Y 0 a t 
B = T 0 t - S^l 

from which, eliminating the time t 
readily obtained 

v a = V 0 a - 2 a s 

The above equation states that v a varies linearly with 
the deformation s, from the maximum value T 0 a to zero. 
The variation of v a with s is indicated in figure 8. 

Since the values of the elastic reaction increase at 
the same time from 0 to the final value anP, it is suf- 
ficient that 



- V 



there is 



H V 0 8 = Cj. h = a 'n P 
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in order that the resultant H remain constant during the 
stroke. In this case, therefore, the above-defined coeffi 
cient E a would come out equal to 1 and- the- shock-absorbe 
stroke given by formula (2d) would he the minimum, namely, 

h E (4) 

a n - a 

In a manner analogous to this simple case, it may 
readily he seen that hy suitahly varying the size of the 
orifice of the escaping oil, there may theoretically he 
obtained a constant internal force also for other typeB of 
shock ahsorher, as oleoelastic and oleopneumatic . Such a 
condition can practically be obtained by making the oil 
flow through an annular opening determined by a hollow cyl 
inder, in which is situated a calibrated rod or piston of 
suitably varying cross section so that at each instant 

H 7 8 = a n P - f(s) 

where f(a) is the reaction of the elastic part of the 
apparatus . 

The conditions are entirely different when the tires 
are also taken into account. In this case the reaction 
of the shock absorber cannot be constant during the entire 
duration of the landing because at each instant we must 
have Ha = a E lt and Hi naturally varies from zero to 
the final load nP. Only in the case in which the load 
is above that for which the tire is completely compressed 
does the shock-absorbing system function as if the tire 
were absent; hence, for the stroke in which the shock ab- 
sorber acts alone, it can operate with constant internal 
force. 

We may point out, in order to complete our observa- 
tions on the operation of the shook absorber, that in the 
case in which the latter has an initial load £ ao during 

the first Interval of the shook, there occurs only the de- 
formation of the tire until the load H 10 = H ao /a is 

reached, after which the two systems work simultaneously. 
In any case, it appears evident that when the shock ab- 
sorber and tire operate together, the coefficient K can 
never attain the value 1, which is possible with the shock 
absorber working alone. 

10. A fact that Bhould be particularly brought out is 
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that the addition of the tire, by producing variations in 
the' velocity in the diBBipative -term -H V s , may hare con- 
siderable effect on the behavior of the tiro acting to- 
gether. For this reason, the tests which are usually car- 
ried out on the shock absorber alone, should he carried 
out instead on the tire ahock-ab sorbins; system. If the 
shock abaorber is mounted on the landing gear in such a 
manner that the force on it ia equal to that acting on the 
wheel (landing gear with forked ahock abaorber, for exam- 
ple), the teata do not require any particular attention. 
In the case, however, that the value of a in the rela- 
tion E 3 = a Hi is different from 1, it ia necessary to 
bear' in mind the following considerations . 

The aubacript p will refer to the teat conditions. 

Tor the aet-up indicated in figure 10, we have for 
equilibrium ! 

d a S p 

M p -~pf - H x + a P = 0 
while for the actual conditiona, we have: 



Since Hi = Ra/a, we obtain, by keeping the value of R a 
the aame in the two cases: 




H x + a 



P 



= 0 



If = 



a 



(S n + a g) 




■P 



S'k + a g 



from which 




a (5" + q-g ) 
S" p + a g 



<5) 



Moreover, for' the actual 



case, we have: 



S = 



S x + a S a 



(6) 



while for the test, 
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S P = S ip + S a < 7) 

Setting 

S 1P 



Si 



which can he ohtained with sufficient approximation hy 
varying the tire pressure, there is ohtained: 

A = a 
S P 

With the aid of (6) and (7), we also have: 

5' S« 

S'p = S«p = a 

Equation (5) then "becomes: 

a S'p + a « 
M p = M a "s^p + a 6 

In the case where a is sufficiently small to he neglect- 
ed, we have: 

M p = M a a 

that is, the test can "be carried out hy employing a mass 
Mp = a 2 M. In this case, since the Telocity of the test 
and the true velocity are connected hy the relation 

S» = a S' p 

it is necessary to consider for the drop test, instead of 
the velocity 7 0 , a velocity V 0 /a; or, instead of the 
drop H, a drop H/a 8 . 

11. From the preceding considerations, an apparently 
curious fact is derived which we shall illustrate hy a nu- 
merical example: To fix our ideas, assume we have an air- 
plane of 1,800 kilograms, provided with wheels having tires 
8.50 x 10 (640 x 105 mm) inflated to 1.75 kg/cm a , for which 
the regulations fix a maximum load factor of n = 3 for 
a drop of 40 cm. The maximum permissible load on a wheel 
is 900 x 3 = 2,700 kg, to which corresponds a static 
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deformation of. 138 mm and a dynamic deformation of 128* mm, 
and "a 'coefficient - Z3.a-O.33-. Not oonflijdejring .the con- 
tribution of the tire-, and assuming the shock-absorber 
force to he constant, for which E a = 1; and assuming fur- 
ther, for simplicity, that the coefficient a of the land- 
in; gear is equal to 1 (that is, that there exists the same 
load on the wheel as on the Bho ok .absorber) , the 'stroke re- 
quired in order, not to exceed the factor n = 3 from equa- 
tion (4), in which a = 1, " since" the effect of the lift 
is not considered in' the test, is 

S = 1 = — ±2_ = 20 cm' 

a n - 1 3 - 1 

The shock absorber can therefore dissipate an amount of 
work 

L = 3 x 900 x 20 = 54,000 kg cm 

corresponding to the energy' due to the drop of 900 kg from 
a height of 40 cm, and of the work due to the travel of 
20 cm permitted by the shock-absorber stroke, and is 
therefore suitable for the required drop test. 

We now consider the tires also to be taken into ac- 
count. Assuming for the moment that the shock absorber, 
even when working with the tire, still operates with the 
coefficient Z a = 1, and that it is permitted to attain, 
as before, a valuo of n = 3, the travel of .the Bhock 
absorber from (2a), in which a and a equal 1, is found 
to bo 

S - H - Si (nS-, - 1) = 40 - 12 . 8 (3x0.33 - l) _ 2Q cm 
8 nK a - 1 3x1-1 

that is, practically the same as before.- Since, however, 
the value of Eg cannot be equal to unity, the stroke of 
20 cm, which waB sufficlont with the tire not mounted, 
becomes insufficient'. 1 This means that the tire, in addi- 
tion to impairing the operating conditions of the shock 
absorber, is not sufficient to absorb the energy due to 
the greater travel it permits the center of gravity of the 
airplane. In the case considered, for example, the defor- 
mation of 12.8 cm corresponds to an amount of work 

L = 900 x 12.8 = 11,520 kg cm 
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while the energy absorbed by the tire is 

L» = K x . nPs = 0.33 x 3 x 900 x 12.8 = 11,480 kg cm 

The 40-centimeter drop test with the addition of the 
tire would therefore give rise to accelerations greater 
than those obtainable with the shock absorber alone. 

12. On the basis of the- results obtained in the above 
example, it might be concluded that a landing on wheels 
without tires should be more gentle, or at least, less ab- 
rupt, for equal vertical velocity, than a landing on 
wheels provided with tires. Evidently there is some fun- 
damental divergence between the conditions of the tests 
conducted according to present-day procedure and the true 
conditions . 

As a matter of fact, it is the aerodynamic forces, 
which are not taken into account in the tests, that ac- 
count for the above divergent results. The value of the 
coefficient a in formula (2), in other words, is not to 
be considered equal to 1 as is usually assumed, but should 
be correctly evaluated and taken into account in carrying 
out the tests. Acoount must thus be taken of the fact 
that on landing of a mass m with velocity 7 0 , the 
weight is not P but only a fraction - normally small - 
of P, and hence that the work which the shock-absorbing 
system must perform is that defined by the second member 
of (1): 

L = HLlfi! + a P h 
2 

and not 

Ll = + P h 

The difference is not at all negligible, especially for 
long-travel shock absorbers. The value of a may be com- 
puted from the formula 

a — - (8) 

1 + J& 

where 8 is a coefficient defined by Verduaio (reference 
4) as the "landing characteristic 11 



8 = B 

v o 
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B being the lift-drag ratio of the airplane in the land- 
in? attitude , ■ y 0 - - the minimum -supporting velocity near 
the ground, and v 0 the vertical velocity of descent. 
Tor the usual values of 6 as appears.' from figure 11, - fc ■ 
which gives the plot of ' equation (8), the value of a var- 
ies from 0.2 to 0.3. 

Considering in our numerical example a mean value 
a = 0.25, • it is seen that a travel of 20 cm permitted by 
the stroke of the shook absorber, and 12.8 om .permitted 
by the compression of the tire, corresponds effectively to 
a total amount of work 0.25 x 900 x 32.8 = 7; 380 kg cm 
'equal to 20.5 percent of , the kinetic energy possessed by 
the airplane in landing , ' instead of 

900 x 32.8 = 29,52b kg om ■ : _ 

equal to 82 percent of the total kinetic energy in a drop 
test where the lift is not taken into account.. 

When it Is considered that the work of deformation 
of the tire is about 11,500 kg cm, it will be understood 
that the addition of the tire to the shook absorber im- 
proves appreciably the landing characteristics instead of 
impairing them as would occur in a drop test carried out 
according to the criteria actually prevailing. 

The method of conducting the drop tost, if the latter 
is to represent effectively a possible landing condition, 
must therefore be such that only the weight aP performs 
work. There might therefore be used a set-up such as that 
shown in figure 12, or a similar one. 

Wn may -ooint out, finally, that instead of the drop 
height, it would be more suitable in the regulations to 
consider the equivalent vertical velocity 7„ , and in de- 
termining the values to be imposed in computing the land- 
ing gear, to take account of the elements that influence 
this velocity, particularly the wing loading, and the pres- 
ence of high lift devices. 



Translation by S. Beiss, 
national Advisory Committee 
for Aeronautics. 
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Figs. 8, 10, 12 
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